McCutcheon has reported (1) that small lymphocytes kept at 370C. exhibit spontaneous movement which increases with the time that the cells are kept outside the body. McCutcheon allowed a drop of blood from the finger tip to spread between a glass slide and cover-slip. Then, surrounding the rim of the cover-slip with vaseline, he was able to study his preparation over a periodof hours. The figures given in McCutcheon's paper show that with this technique the average spontaneous velocity of small lymphocytes increases from 4 micra per minute during the 1st hour, to over 10 micra per minute, reaching 15 micra per minute, after they were outside the body over 5 hours. McCutcheon does not state what direction of movement the cells took. Nor does he mention the changes in the blood film as a result of clotting or fibrin precipitation as a possible influence on lymphocytic movement. It would be interesting to note the velocity of movement during a period when the changes due to clotting are presumably at a minimum. This probably would be during the first 10 minutes of study, omitting, of course, the first movements during settling of the cells.
In 1922 a series of experiments were done to determine the influence of a low electromotive force on the movements of white blood cells, particularly small lymphocytes. The type of cell studied was similar to that studied by McCutcheon. A low electromotive force was used in order to compare with this electromotive force the electromotive forces passing between injured and relatively normal tissues. If these two could be compared, it could then be inferred that perhaps one of the factors which brings white blood cells to a point of injury may be this "current of injury." This has been discussed somewhat in detail elsewhere (2) .
The cell in which the movements of the white blood cells were studied was constructed as follows: 445 Unglazed porcelain non-polarizable boot electrodes were set in a heavy glass slide, toe to toe, and then ground down so that the levels of the toes and glass were about the same. After placing a small drop of the uppermost layer of cells of centrifuged defibrinated blood on the glass block between the electrodes, a round cover-slip of 1 cm. diameter was placed over the drop which then spread out, just reaching the rim and simultaneously connecting the two electrodes. The edge of the cover-slip was instantly surrounded by a low melting liquid paraffin which solidified almost immediately. There was then ready to be studied on a specially constructed sliding warm stage at body temperature, a very thin film of blood cells in serum.
It is important to discuss some of the errors introduced by the use of an electrophoresis chamber of the construction described. In brief, the "true mobility" of the particles in suspension when under the influence of an electromotive force is the average mobility at all levels in the cell because of an independent flow of positively charged water near the glass surfaces (3) . Since the cell is a closed system, there will necessarily be a slight anodal flow in the mid-regions of the cell. Thus, a negatively charged particle will be accelerated in the mid-regions of the cell and retarded near the surfaces of the glass.
A second flow of water within the system is caused by the charge on the water incidental to the presence of the porous porcelain electrodes. These electrodes permit the passage of water through the capillary spaces of the electrodes. Whatever the electrode's influence is due to, whether to the presence of a porcelain membrane, or, in addition, to a porcelain-protein membrane at the junction of the electrode with the serum, the water would be positively charged in relation to the membrane. That is, under the influence of a potential gradient there would be a cathodal flow of water through the system and across the field of observation, thus retarding the migration of a particle migrating toward the anode. For a more complete discussion of this subject the work of Briggs (4) and the numerous papers of Loeb in The Journal of General Physiology may be consulted.
In the experiments to be described, the lymphocytes studied were only those which moved in a nearly straight line across the field. The direction of migration was only toward the anode. No lymphocytes at any level were ever observed to go toward the cathode. The cells studied were those in the mid-regions of the chamber, those resting on the glass hardly showing any "motility." Hence the figures in Table I are not the "true mobility" of the lymphocytes for the P.D. of 0.8 volt per cm. which was used, but they are approximations of velocity which may not be substituted in the Helmholtz-Lamb equation to determine the P.D. between lymphocytes and serum. The figures in Table I may be compared because of the large distances travelled, the constancy of technique, and the thinness of the film which made up the electrophoresis chamber. The blood from which the lymphocytes studied were obtained, was drawn from the arm vein of a presumably healthy adult male, and after defibrination and centrifugation was kept in the ice box until used, unless the cells were studied immediately. In these same series of experiments no constant direction of migration was noted for polymorphonuclear leucocytes. However, Eliasoph (5) using platinum electrodes has noted that polymorphonuclear leucocytes, when studied in splenic tissue and gelatin suspensions, migrate toward the anode. From this work it would seem that polymorphonuclear cells are also negatively charged. Since this author used a compara-tively high electromotive force, the magnitude of which is not mentioned in P.D. per cm., and since there was evidence of chemical change about the electrodes, these results cannot properly be considered in the theoretical considerations to follow.
With the exception of the 3 hour velocity and one of the 6 hour velocities, the speed of migration of the lymphocytes varied from 12+ to 17 + micra per minute. This variation is to be expected because of the experimental conditions. Therefore it may be considered that the length of time the lymphocytes were kept outside the body in serum in the ice box did not appreciably influence the speed of the anodal migration. It is quite interesting to note that the straight line velocity of small lymphocytes under the conditions studied is about the same as that reported by McCutcheon for "spontaneous velocity." It should be remembered that the increase in "spontaneous velocity" with time from 4 micra to 15 micra per minute was noted in McCutcheon's study of a whole blood film. The possible influence of clotting has been considered.
While the electromotive force was passing, lymphocytes in motion had practically always straight line motility (Fig. 1) and with interruption of the current, immediately ceased their movements. Or with reversal of the current they came to a dead stop, and immediately started to migrate to the new anode.
The question arises whether in the living animal tissues the electromotive forces which pass between injured and relatively normal tissues are of the same order of magnitude as the experimental electromotive force of 0.8 volt per cm. When the tissues are injured, the many physicochemical changes at the site of injury produce a system which makes the injured area electropositive (6) . Thus the injured area may be considered similar to the anode and the direction of migration of the lymphocytes be correlated with the suggestion that the electromotive force is partially responsible for the cellular part of the inflammatory reaction as far as direction is concerned. Measurements of the "current of injury," of course, have not measured the P.D. between cells which were normal and injured, but have determined rather the P.D. between fascial plane and injured muscle or nerve (6) . Hence, although electromotive forces of 0.08 volt have been reported, the actual P.D. per cm. between the injured and uninjured tissue is not known. Since some cut surfaces have been found to be (by the authors cited above (6)) at about the same electrical potential as the uninjured fascial surface at the moment after cutting, it may be inferred that the difference in potential between injured and uninjured tissues may be of a somewhat similar order of magnitude as that measured between fascial surface and injured surface. The many changes in physicochemical make-up of injured + FIG. 1. Schema to show course of lymphocyte and method of determination of speed. Diameter of field 410 micra. Cross lines on eyepiece. Lymphocyte entered field at (1),time 4: 01, was at (3) at 4:11, and crossed out of range at 4:35 (6). The straight line movement was occasionally slightly above or below the line in other determinations but in general was similar to the migration depicted in the figure. The time taken to migrate 410 micra was 34 minutes. In this experiment therefore, the mean rate was 12 + micra per minute.
tissues most probably produce a difference of potential between limiting border of the zone of injury and the nearest relatively normal cells of at least 10 millivolts. If the nearest relatively normal cells are 1 nmm. away, the P.D. per cm. would be 100 millivolts or 0.1 volt per cm. This would place the electromotive force used in these experiments in the same order of magnitude as those existing in living tissues.
